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1
COLLAPSIBLE HOLLOW ARTICLES WITH

IMPROVED LATCHING AND DISPENSING
| CONFIGURATIONS

BACKGROUND OF THE INVENTION

The field of the invention pertains to hollow articles
such as containers and tubular products of flexible plas-
tic construction and, in particular, to such articles
formed with a plurality of sidewall bellows to permit
collapse of the container or tubular product. An exam-
ple of such a container product is disclosed in appli-
cant’s U.S. Pat. No. 4,492,313 reissued as U.S. Pat. No.
Re 32,379. A number of other examples of collapsible
containers are disclosed in the numerous references
cited in applicant’s reissue patent above.

Bottles manufactured according to applicant’s above
patent have proven to be successful for a number of
plastic materials, however, the folding action causes
some plastic materials to crack or craze at the inner fold
rings producing grey or cloudy rings in otherwise clear
bottles. The cracking or crazing is caused by severe
angular deformation of the plastic material at the inner
fold rings. While not detracting from the visual appear-
ance of the bottles, the cracking and crazing weakens
some bottles although permitting the bottles to fold and
latch more easily.

More particularly, as an example, high density poly-
ethylene bottles possess improved latching subsequent
to the first or initial collapse after manufacture and the
strength of the bottle is not sertously impaired. Polyvi-
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nyl chloride bottles, however, are weakened at the

inner fold rings after the initial collapse that splits the
plastic material. Reusing these bottles therefore would
be inadvisable. - |
Bottles blown from elastomeric materials, polyethyl-
ene terepthalate and low density plastics generally do
not laminate or craze at the inner fold rings with the
initial collapse of the bottle. The bottles retain their
strength but, as a result, the latching effect is impaired
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and the collapse of the bottles is not as effective as with -

the high density plastics.
With a view toward making the latching effect for

collapsible bottles and other hollow articles more effec-

tive for a greater variety of plastic materials, applicant 45

has developed the improvements disclosed below.

SUMMARY OF THE INVENTION

Further improvements to the latching bellows of
hollow articles such as plastic bottles and tubes include
a portion of the bellows sidewall formed with modified
inner fold rings. The bellow walls are modified by re-
ducing the slope of the walls as they approach the inner
fold rings to thereby reduce the unfolded (unflexed)
angle between the walls at the inner fold rings. The
slopes of the walls of the bellows are otherwise un-
changed with the exception of the areas immediately
adjacent the inner fold rings. The change in volume or
change in length of the hollow article remains substan-
tially the same with the modified inner fold rings.

The modified geometry permits better utilization of
high density linear polymer plastics by lessening or
preventing the “crystalline” fracturing at the inner fold
rings with the first latching of the bellows. The bottle
material is not weakened at the inner fold rings by frac-
turing because the plastic material is not deformed be-
yond the elastic limit. Nevertheless, the folding and
latching of the bellows remains unimpaired. With the
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modified inner fold rings high density linear polyethyl-
ene and polyvinyl chloride plastics can be more widely
exploited for folding bottles and other hollow articles.

The modified geometry also permits use of low den-
sity polymer plastics, elastomers and rubber materials
that otherwise would fail to positively latch and there-
fore spring back to uncollapsed condition. Surprisingly,
the moditied geometry to improve the latching effect of
the bellows by reducing the deformation of relatively
rigid plastics above, also improves the latching effect of
relatively soft and elastic materials by reducing the
deformation at the inner fold rings. In both cases the
inner fold ring is formed or molded with a very large
angle (approaching 360°) on the inside of the bottle or
hollow article. Only a few degrees or less are available
for deformation during folding with the balance of the
necessary deformation distributed in the bellow walls
approaching the inner fold rings.

As an example of a hollow article utilizing the modi-
fied latching bellows in combination with non-latching
bellows a dispensing bottle is disclosed. Although the
dispensing bottle is disclosed with the modified latching
bellows of this application, the latching bellows of ap-
plicant’s above noted patent may be utilized. Thus, a
wide variety of bottle materials are available and suit-
able for such a dispensing bottle. |

DESCRIPTION OF THE DRAWINGS.

FIGS. 1a and 16 are schematic partial sections of an
unmodified latching bellows at the inner fold ring;

FIGS. 2a and 2b are schematic partial sections of a
modified bellows at the inner fold ring;

FIGS. 3a and 3b are schematic partial sections of an
alternate form of the modified latching bellows at the
inner fold ring; |

FIGS. 4a and 45 are partial cross-sections of a hollow
article incorporating the modified bellows;

FIG. 5 is a cross-section of a dispensing bottle incor-
porating the modified bellows; and

FIG. 6 1s a cross-section of the dispensing bottle fully
collapsed.

DESCRIPTIONS OF THE PREFERRED
EMBODIMENTS.

INlustrated in FIGS. 1a and 1) are the unfolded and
folded angular relations between two bellow sidewalls'
10 and 12 at the inner fold ring 14. The acute angle 16
which may be typically about 90° is toward the outside
and the supplementary angle 18 of about 270° is toward
the inside or axis 11 of a substantially cylindrical hollow
article. Upon latching collapse the acute angle 16 may
be typically 5° with the supplementary angle 18 increas-
ing to 355°. The 85° change in angle at the inner fold
ring causes a substantial deformation of the plastic mate-
rial at the inner fold ring without substantially reducing
the inner fold ring diameter 9. The angles are shown
expanded at the interests of clarity. With certain materi-
als crystallization or lamination and microscopic split-
ting occur at the inner fold ring 14 assisting to make the
bellows latch more securely and to remain latched.

A freshly made hollow article before the first collapse
requires substantially more effort to collapse because
the inner fold rings are undamaged by crystallization,
cracking and crazing and therefore do not act effec-
tively as hinges. With the initial collapse and substantial
deformation of the inner fold ring, the fold ring be-
comes a hinge that no longer requires the relatively
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high effort to deform. As a result the bellows deform
and latch more easily and securely. The small radius at
the inner fold ring of a freshly made hollow article is
believed to sharpen with the first collapse. The above
etfect can best be utilized only for plastic resins that
crystallize such as some grades of high density polypro-
pylene and polyvinyl chloride. However, for some
grades of polyvinyl chloride the crystallization and
“cracking impairs the usefulness of the hollow article by
weakening the side wall at the inner fold rings more
than is acceptable especially if multiple flexings of the
bottles are required as in the case of extending a bottle
for filling after the bottle has been stored and trans-
ported collapsed.

Relatively more elastic plastic materials and, in par-
ticular, plastics which do not crystallize and crack with
the deformation of the bellows inner fold rings, do not
- latch as effectively because the inner fold rings are not
weakened to form hinges. Repeated collapses require
substantially the same effort. The inherent memory of
the resin remains and resists the latched state of the
bottle. The only approved resin for carbonated bever-
ages, polyethylene terepthalate, does not crystallize and
would not likely form the necessary hinged inner fold
rings for best latching action.

In FIGS. 2a and 26 the modified angular relationships
of the two bellow sidewalls are illustrated in the un-
folded and in the folded or latched position. In the
unfolded position the side walls 20 and 22, may retain
the same angular relationship as above which is about
90" and the same angular relationships 13 and 15 to the
centerline 11. Adjacent the inner fold ring area the side
walls 20 and 22 change in angular relationship at 24 and

26 respectively as shown by the angles of about 140° in
each sidewall. The transition need not be a sharp change
but may be a smooth transition curvature. As a result
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the as molded and unfolded angle 28 between the side-

walls at the inner fold rings is about 10° (exaggerated
for clarity).
- With folding to the latched position as shown in FIG.
2b, the angle 28 decreases to about 5° and the angles at
' 24 and 26 increase to about' 160°. The angular relation-
ships of the sidewalls at the inner fold ring 14 to the
centerline 11 are increased as shown at 17 and 19. The
- deformation at the inner fold rings, however, is greatly
- decreased. In the unmodified inner fold ring illustration
of FIG. 1 the angular decrease is from 90° to 5° or to
about one eighteenth. In the modified inner fold ring
illustration of FIG. 2, the angular decrease is from 10°
to 5° or to about one half. At angles 24 and 26 the in-
- crease of 20° is a very small deformation spread over a
relatively large area of side wall. The modified inner
fold ring of FIG. 2 and FIG. 3 below tends to be thinner
in wall thickness because of the mold configuration as
the parison is blown against the bottle mold in making
the bottle. The thinning replaces the hinging action of
the unmodified inner fold ring.

In FIGS. 3z and 3b the modified inner fold ring angu-
lar relationship is taken to the limit by forming the inner
fold ring into a “U” section with the angle 30 effectively
0° at the inner fold ring. The angle between the bulk of
each sidewall 32 and 34 remains typically about 90°,
however, the angular change at angles 36 and 38 is
greater in the unfolded and as molded condition. The
elastic deformation at angles 36 and 38 upon folding and
latching is increased slightly over that in the example of
FIG. 2, however, the deformation remains only a small
deformation spread over a relatively large area.
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The drastic reduction in deformation reduces the
weakness caused by crystallization and cracking of the
relatively rigid plastic materials and, surprisingly, per-
mits the non-crystallizing very elastic plastics to be
effectively utilized for latching bellows in hollow arti-
cles. In the latter case of the elastic plastics, the small
deformations do not store sufficient elastic energy to
self unlatch the bellows .from the latched condition. In
the former case of the relatively rigid plastics, the defor-
mation is insufficient to impair the strength of the plastic
side wall at or near the inner fold rings.

In FIGS. 4a and 4b a multiple bellow section of a
hollow substantially cylindrical article is illustrated.
The inner fold rings 40 may be of either configuration
tllustrated in FIGS. 2 and 3 or of applicant’s previous
configuration in FIG. 1. The bellows retain the unequal
side walls 42 and 44, however, the outer fold rings 46
are modified by providing a definite inner radius 48
rather than a relatively sharp angle. A sharply edged
outer fold ring provides a concentrated contact surface
more readily subject to damage and puncture from
mishandling during manufacturing, storage, filling and
transportation. Being at the maximum diameter the wall
thickness tends to be least at the outer fold rings. The
modification 48 to the outer fold rings 46 decreases the
concentrated contact to lessen the likelihood of dam-
age.

The bellows configuration for hollow articles and, in
particular bottles and jars, increases the rigidity and
strength of the side wall in comparison to a straight wall

“but with an increase typically of 10 to 40 percent in

material. Because of the bellows configuration, the bot-
tles perform better in drop tests than conventional bot-

tles because of a cushioning action created by the bel-

lows similar to a spring bouncing from the ground.
As shown in FIGS. 4a and 4b the bellows collapse

and latch in the same manner despite the modified outer
fold rings 46. The configuration of the inner fold rings

- 40 has been found to be much more critical to the
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proper latching of the unequal side wall bellows config-
uration than the configuration of the outer fold rings 46.

The dispensing bottle pictured in FIGS. 5 and 6 de-
picts an application of non-latching 50 and latching 52
bellow side walls to a hollow substantially cylindrical
article. The top 54 of the dispensing bottle includes a
dispensing opening or nozzle 56 and an area 58 upon
which the user can press down. The top 54 may be
attached to the bottle by any conventional means such
as screw threads or detents molded into the top and the
engaging portion of the bottle.

In most applications and depending on the nature of
the bottle contents the nozzle 56 extends into the con-
tents as shown at 60 and the contents fill the bottle to
about the level of the non-latching bellows 50. As
shown the non-latching bellows 50 are located above
the latching bellows 52, however, the non-latching
bellows in some applications may be located below the
latching bellows or intermediate upper and lower por-
tions of side wall latching bellows.

By pressing down at 58 the contents are dispensed
through the opening 56. Air is admitted into the bottle
through a conventional one way valve 62 to permit the
non-latching bellows 50 to return to relaxed state after
release at 58. With repeated dispensing the latching
bellows 52 can be collapsed as the contents are dis-
pensed until fully latched as shown in FIG. 6. To mini-
mize non-dispensed contents the bottle is formed with
an elevated base 64 around which the latching bellows
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collapse as shown in FIG. 6. The elevated base 64 may

be formed with a special movable mold section as the
dispensing bottle is blow molded or the base may be a

separate part sonically welded into an open bottom of

the bottle. The elevated base may also be formed as a
bistable protrusion from the bottom of the bottle as
molded and then snapped up inside the base after mold-
ing and cooling of the bottle.

I claim: | |

1. A collapsible hollow article having a substantially
cylindrical side wall about an axis and formed with a
plurality of substantially circular bellows, the bellows
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formed by alternating short and long conical sections

with the short conical sections having the bulk of the

section sidewalls at a greater angle to the axis of the
cylindrical sidewall than the bulk of the section side-
walis of the long conical sections, an the short and long
conical sections extending to outer and inner fold rings
integral with the conical sections, the improvement
comprising an increase in the conical section sidewall
angle to the axis for at least one conical section adjacent
the inner fold ring of the conical section to provide
collapse at the inner fold ring.

2. The collapsible hollow article of claim 1 wherein a
plurality of the conical section sidewalls each include an

area adjacent the respective inner fold ring at an angle

to the axis greater than the angle to the axis of the bulk
of the conical section sidewall.

3. The collapsible hollow article of claim 2 wherein
both the long and short conical sections include areas
adjacent the inner fold rings at angles to the axis greater
than the angles to the axis of the bulk of the conical
section sidewalls. |

4. The collapsible hollow article of claim 1 wherein
the angle between the long and short conical sections is
at least one inner fold ring immediately adjacent the
inner fold ring is approximately 10° in uncollapsed con-
dition. |

5. The collapsible hollow article of claim 1 wherein
the angle between the long and short conical sections at
at least one inner fold ring immediately adjacent the
inner fold ring is approximately 0° in uncollapsed condi-
tion.

6. The collapsible hollow article of claim 1 wherein at
least some of said conical sections flex from the uncol-
lapsed to the collapsed position to provide an overcen-
tering of the bellows during collapse thereby latching
the bellows in the collapsed position.

7. The collapsible hollow article of claim 6 wherein a
portion of the bellows are non-latching upon collapse.

8. The collapsible hollow article of claim 1 wherein a
plurality of the conical section sidewalls each include an
area adjacent the respective inner fold ring at an angle
to the axis greater than the angle to the axis of the bulk
of the conical section sidewall and at least some of said
plurality flex from the uncollapsed to the collapsed
position to provide an overcentering of the bellows
during collapse thereby latching the bellows in the
collapsed position.

9. A collapsible hollow article having a sidewall sub-
stantially comprising a surface of revolution about an
axis, at least a portion of said sidewall formed into a
plurality of bellows extending therearound, said bel-
lows comprising upwardly and downwardly pointed
substantially conical sections joined by outer and inner
fold rings, wherein the angles to the axis of the conical
section sidewalls at the inner fold rings are substantially
greater than the angles to the axis of the same conical
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_ 6
section sidewalls over the bulk of each conical section
to provide collapse at the inner fold ring.

10. The collapsible hollow article of claim 9 wherein
the bulk angle between adjacent conical section side-
walls 1s roughly perpendicular and the angle between
the same adjacent conical section sidewalls at the inner
fold ring approaches 0°.

11. The collapsible hollow article of claim 9 wherein
the bulk angle between adjacent conical section side-
walls is roughly perpendicular and the angle between
the same adjacent conical section sidewalls at the inner
fold ring is approximately 10°,

12. The collapsible hollow article of claim 9 wherein
the bulk change of angle between adjacent conical sec-
tion sidewalls is upon collapse multiple times the change
of angle between the same adjacent conical section
sidewalls at the inner fold ring upon collapse.

13. The collapsible hollow article of claim 12 wherein
one of said adjacent conical section sidewalls flexes
from the uncollapsed to the collapsed position to pro-
vide an overcentering of the bellows during collapse
thereby latching the bellows in the collapsed position.

14. The collapsible hollow article of claim 9 wherein
outer fold rings joining adjacent conical section side-
walls are formed with a pronounced inner radius.

15. The collapsible hollow article of claim 9 wherein

at least a portion of the plurality of bellows are formed

with one of each pair of adjacent conical section side-
walls adapted to flex from the uncollapsed to the col-
lapsed position to provide an overcentering of the bel-
lows sidewall.

16. The collapsible hollow article of claim 15 includ-
Ing at least one non-latching collapsible bellow.

17. A container comprising a top and bottom, a side-
wall joining the top to the bottom, said sidewall com-
prising a plurality of substantially circular bellows, a
portion of said circular bellows non-latching upon col-
lapse with the balance of said circular bellows latchable
upon collapse wherein the sidewalls of the bellows are
substantially conical sections, the adjacent sidewalls of
both the latching and non-latching bellows having an-
gles therebetween substantially equal, inner and outer
fold rings join adjacent bellow sidewalls, the inner fold
rings of the latching bellows having the angle between
the pairs of adjacent bellow sidewalls at the inner fold
rings substantially less than the angles between the bulk
of the bellow sidewalls of the same pairs to provide
collapse at the inner fold ring.

18. The container of claim 17 wherein the adjacent
sidewalls of non-latching bellows are of substantially
the same height and the adjacent sidewalls of the latch-
ing bellows are of substantially unequal height whereby
the shorter sidewalls of the latching bellows flex to
provide overcentering of the bellows during collapse
and a positive latch.

19. A collapsible hollow article having a sidewall
substantially comprising a surface of revolution about
an axis, at least a portion of said sidewall formed into a
plurality of bellows extending therearound, said bel-
lows comprising upwardly and downwardly pointed
substantially conical sections joined by outer and inner

‘fold rings, the conical sections joining at outer fold rings

being of unequal height and the outer fold rings being
substantially radiused, the conical sections joining at
inner fold rings being of unequal height and the inner
fold rings being grooved and retaining substantially
fixed diameters whereby the shorter conical sections
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flex to provide overcentering of the bellows during
collapse and a positive latch.

20. A collapsible hollow article having a circumferen-
tial sidewall and formed with a plurality of circumferen-
tial bellows, the bellows formed by generally conical
sidewall sections, said conical sidewall sections extend-
Ing to outer ad inner fold rings integral with the conical
sidewall sections, the improvement comprising an in-
cluded angle between the sidewall sections adjacent at
least one inner fold ring differing from the included
angle between the sidewall sections at a substantial
distance from the fold ring to provide collapse at the
inner fold ring. | |

21. The collapsible hollow article of claim 20 wherein
the included angle between the sidewall sections adja-
cent the fold ring is less than the included angle between
the sidewall sections at a substantial distance from the

~ fold ring.

22. The collapsible hollow article of claim 20 wherein
the conical sidewall sections of at least one bellow are
substantially equal in height and the conical sidewall
sections of at least one other separate bellow are un-
equal in height.
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23. The collapsible hollow article of claim 20 having
the sidewall substantially comprising a surface of revo-
lution about an axis, the outer fold rings being substan-
tially radiused relative to the inner fold rings.

24. A collapsible hollow article having a circumferen-
tial sidewall, at least a portion of said sidewall formed
into a plurality of bellows extending therearound, said
bellows comprising generally conical sidewall sections

- Joined by outer and inner fold rings, the outer fold rings

being substantially radiused relative to the inner fold
rings and the inner fold rings retaining substantially
fixed diameters during collapse, said inner fold rings
grooved to provide collapse at the inner fold rings.

235. The collapsible hollow article of claim 24 wherein
the included angle between the conical sidewall sec-
tions adjacent the inner fold rings differ from the in-
cluded angle between the conical sidewall sections at a
substantial distance from the inner fold rings.

26. The collapsible hollow article of claim 24 wherein
the included angle between the conical sidewall sec-
tions adjacent the inner fold rings is less than the in-
cluded angle between the conical sidewall sections at a

substantial distance from the inner fold rings.
* x X ¥ ¥
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